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ABSTRACT

Aim: Is to determine the levels some PAHs and inorganic contaminants in refuse dump
soil samples within residential areas in Awka in Anambra State, Nigeria.
Study Design: Ten soil samples (five study samples and five control samples) taken from
five major refuse dumpsites in Awka, South Eastern Nigeria were analyzed for the
presence of 16 polynuclear aromatic hydrocarbons (PAHs) (organic contaminant) and
inorganic contaminants using their respective standard methods.
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Place and Duration of Study: Soil samples were collected from Awka in Anambra State
while the analysis was carried out at the Department of Pharmaceutical Chemistry,
University of Lagos Nigeria between November 2010 and January 2011.
Methodology: Gas chromatography/mass spectrometry was used for the analysis of 16
specific target compounds which included naphthalene, acenaphthylene, acenaphthene,
flourene, phenanthrene, anthracene, flouranthene, pyrene, benz[a]anthracene, chrysene,
benzo[b]flouranthene, benzo[k]flouranthene, benzo[a]pyrene,
benzo[ghi]perylene,dibenz[a, h]anthracene and indeno[1,2,3-cd]pyrene. Four isotopically
labelled polynuclear aromatic hydrocarbons (acenaphthene-d10, phennanthrene-d10,
chrysene-d12 and perylene-d12) were used for internal standardization. Inorganic
contaminants were analyzed using their respective standard methods, these include
nitrate, nitrites, chloride, hardness, TDS in addition to heavy metals, cation exchange
capacity (CEC) etc reported in our previous study.
Results: All 16 PAHs were found in most of the samples and their controls, with highest
concentration in sites A, B and C. The range of PAHs in the sites where as follows; site A
(14.20 – 710.02mg/kg), site B (Nd-2392.06mg/kg), site C (Nd – 1158.22mg/kg), site D (Nd
– 0.92mg/kg) and site E (Nd – 0.84mg/kg). Nitrates were as follows: site A (52.43mg/kg),
site B(50.30mg/kg), site C(62.45mg/kg),site D(45.20mg/kg) and site E(38.50mg/kg).
These and other examined parameters were present in an amount that can constitute
environmental and public health problem.
Conclusion: It is concluded that indiscriminate dumping of refuse within residential areas
can accentuate the environmental and public health- problem of the inhabitants.

Keywords: PAH; inorganic contaminant; refuse dumpsite; environmental pollution, public
health, South Eastern Nigeria.

1. INTRODUCTION

The municipal status of Awka came into being in 1991 when it became a state capital. The
increased government activities, business, private and public institutions have led to
increase in population with its attendant environmental and public-health consequences. The
study area – Awka, is made of shale and sandstone, referred to as Imo shale, which was
deposited under a shallow marine environment. The area is laminated and fissile with bands
of clay, sandstone, sandy shale and iron stone. It is covered with lateritic soil with a
thickness that averages 1.1m below, which is poorly consolidated whitish – grey sandstone.
The underlying dark-grey fissile shale is about 0.32m in thickness; it is observed to be
massive, cemented and consolidated. The shale displays polygonal cracks, which developed
as a result of water loss in the sediment. The sandstone unit is generally fine to medium in
grain size, friable and unconsolidated [1,2]. A common feature in Awka as well as in many
Nigerian cities is the high heaps of refuse dumps that emit repulsive odour resulting from
decomposing organic and agricultural waste [3].These heaps act as aesthetic pollutants and
as sinks or breeding grounds for disease causing organisms.

The main factor responsible for pollution and other types of environmental deterioration in
any community is the combined effect of population, affluence and technology [3,4,5 ]. A
typical refuse dump in Awka consists of organic wastes such as (poultry litter, waste clothing
and paper, wood waste and furniture, corn cob and chaff, vegetable residues, left over foods
etc), inorganic wastes (glass, discarded battery cells, ceramics, acid wastes), metals
(automobile parts, broken pots,  stoves, cans, tins, pipes, other waste metallic containers),
polymeric materials(plastics, foam, polythene bags, hair weavon etc), electrical and
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electronic wastes (refrigerators, damaged phones and accessories, damaged computers
and accessories, damaged fans and electric irons, waste bulbs and sockets) and sundry
wastes such as pharmaceuticals, paint products and containers etc.

Following favourable weather conditions, physical, chemical and biological factors such as
temperature, rain fall, humidity and microbes combine to degrade these wastes. Having
reported that heavy metal levels at different depths and infiltration into the soil at these
refuse dump sites [6] and heavy-metal levels of farm produce harvested from refuse dump
sites in Awka positively correlated with that in the soil samples in the same locations, heavy-
metal levels of ground and surface water within the study areas, changes in soil properties
and bacterial isolates have also been reported [7]. Presently our interest is on the levels of
polynuclear aromatic hydrocarbons (PAHs), nitrate and nitrite levels and other parameters in
the soil samples from the refuse dumpsites. The PAHs are a class of compounds composed
of two or more aromatic rings. Hundreds of them have been identified and found as complex
mixtures [8]. They are generated by incomplete combustion, forest fire and volcanic
eruptions [9] or by other anthropogenic sources such as industrial production, transportation
and waste incineration [10,11]. They are widespread in the environment and may be due to
general use of fossil fuel. The PAHs are classified as environmentally hazardous organic
compounds by European Community (EC) and United States Environmental Protection
Agency (US EPA), and are included in the priority pollutant list [12]. Several PAHs are
known to be potential human carcinogens, some examples include benz[a]anthracene,
chrysene, benzo[b]flouranthene, benzo[a]pyrene and benzo[g,h,i]perylene [13].

Nitrates are only one of several forms of nitrogen. They are highly mobile in the environment,
usually they are released in the form of salt (e.g. sodium nitrate, potassium nitrate or
ammonium nitrate), they dissolve in water to liberate free nitrate ions (NO-

3) [14]. Other
sources include agricultural, municipal wastewater or industrial discharges. Nitrates in
drinking water have long been considered a health threat for their ability to induce
methenoglobinemia, and this health outcome is the basis of the Environmental Protection
Agency’s maximum contaminant level for nitrates [15]. Usually ground water underlying
agricultural areas often have elevated nitrate levels due to runoff of nitrogen fertilizers. Poor
sanitation, littered compost heaps, fertilizer application, sewage, abattoir, large organic
waste from the market and industrial effluents are major sources of nitrate/nitrite in water
sources of a given study area [16]. The aim of this study is to bring to the fore the negative
environmental and possible public health problem that may be associated with indiscriminate
and unregulated dumping of refuse within residential areas and the result presented can
serve as important data for policy makers.

2. MATERIALS AND METHODS

Five (5) major refuse dumpsites at Awka were selected as the sampling points and were
labelled as sites A to E (Fig. 1). They are mainly for dumping of domestic and sundry refuse.
We coordinated the 5 dump sites with a handheld global positioning system (Garmin Global
positioning system, map 765 receiver Garmin Ltd, Olathe, KS) in February of 2007.
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We based the coordinates on Minna datum (a local datum that uses the Northern terminal of
the Minna base of the Nigerian primary triangulation network), and we also converted them
to Universal Transverse Mercator projection systems (Table 1), also reported in our previous
study [6]. For consistency across sites, at each site, we collected surface soil samples and

control at 30cm depth (control was at between 100 – 120m) away but within a farmland.
Table 2 gives the sample information. They were stored in black polythene bags and taken
to the laboratory, the temperature of the laboratory was ±29.5ºC (ambient temperature). We
ground up the samples by mixing and dividing them into fine particles that could pass
through a 0.5mm sieve. All the soil samples are fine to medium sand in texture.
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Table 1. Soil sampling location/sites at Awka

Point
(Site)

Location Latitude φ Longitude λ Universal tranverse
Mercator coordinates (m)
Northing Easting

1(A) Ring Road Amaenyi 06º131
3511.2211

07º041
50.4611

687,646.111 288,485.644

2(B) Behind Amaku
Specialist Hospital

06º131
0511.5811

07º051

18.1811
688,559.757 287,636.663

3(C) Bishop Crowther 06º121

0011.9011
07º031

40.6211
685,670.004 285,478.736

4(D) Prisons Amawbia 06º111
5411.4211

07º031

43.1411
685,470.649 285,555.501

5(E) Kwata
(Abattoir/House)

06º121

4311.5011
07º031

31.6811
686,949.001 285,208.528

Table 2. Sample information

ID No Sample description Analysis method Extraction method
Site A Soil Sample GC/MS-US EPA Method EPA method 3540
Site B Soil Sample GC/MS-US EPA Method EPA method 3540
Site C Soil Sample GC/MS-US EPA Method EPA method 3540
Site D Soil Sample GC/MS-US EPA Method EPA method 3540
Site E Soil Sample GC/MS-US EPA Method EPA method 3540
Control of site A Soil Sample GC/MS-US EPA Method EPA method 3540
Control of site B Soil Sample GC/MS-US EPA Method EPA method 3540
Control of site C Soil Sample GC/MS-US EPA Method EPA method 3540
Control of site D Soil Sample GC/MS-US EPA Method EPA method 3540
Control of site E Soil Sample GC/MS-US EPA Method EPA method 3540

2.1 Determination of Polyaromatic Hydrocarbons (PAHs)

A PAHs (SRm 647C) standard mixture (NIST, Baltimore, MD) containing naphthalene,
acenaphthylene, acenaphthene, flourene, phenanthrene, anthracene, flouranthene, pyrene,
benz[a]anthracene, chrysene, benzo[b]flouranthene, benzo[k]flouranthene, benzo[a]pyrene,
benzo[ghi]perylene, dibenz[a,h]anthracene and indeno[1,2,3 –cd] pyrene was used in this
study. A mixture containing four isotopically labelled PAHs (Chem Service, Westchester, PA)
namely acenaphthene-d10, chrysene-d12, phenanthrene-d10 and perylene-d12 was used as an
internal standard. The HPLC grade dichloromethane (Fischer Scientific New Jersey) was
used for the extraction.

Soxhlet extractions were carried out using a modified form of the US EPA 3540 [17]. The
Soxhlet apparatus consisted of a 250mL round bottom flask, condenser and extractor tube,
seated in a temperature-controlled heating mantle. 10g portion of the air-dried soil sample
was extracted with 100ml of HPLC grade dichloromethane for 16h [18].

2.1.1 Preparation of calibration standards

Five standard solutions each containing 16 target compounds were prepared by diluting the
standard mix (1647c mix from NIST) to desired concentrations with dichloromethane. To
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these were added 0.5µg (volumetric equivalent) of the four internal standards namely
acenaphthene-d10, phenanthrene-d10, chrysene-d12 and perylene-d12. These were
transferred to a capped and sealed vial until ready for analysis.

2.1.2 GC/MS Instrumentation and conditions

GC/MS analysis was carried out on a Shimadzu GC/MS QP2010 instrument. The column
was HPMS (30m x 0.25um x 0.25mm id). Helium was used as a carrier gas and the column
head pressure was maintained at 10psi to give an approximate flow rate of 1mL/min. The
injector and transfer line were maintained at 290ºC and 250ºC respectively. All injection
volumes were 1µL in the split less mode. The column temperature was initially held at 70ºC
for 4min, ramped to 300ºC at a rate of 10ºC/min, the temperature was held at 300ºC for
10min. The mass spectrometer was used in electron ionization mode and all spectra were
acquired using a mass range of m/z 50 – 400 and automatic gain control (AGC).

2.1.3 Identification and quantification

The PAHs in the samples were identified by a combination of a retention time match and
mass spectra match against the calibration standards. Quantification was performed by the
method of internal standardization using acenaphthene-d10, phenanthrene-d10, chrysene-d12
and perylene-d12. Acenaphthene-d10 was used as the internal standard for naphthalene,
acenaphthylene, acenapthene and flourene. Phenanthrene-d10 was used as the internal
standard for phenanthrene, anthracene, flouranthene and pyrene. Chrysene-d10 was used
for benz[a]anthracene and chrysene. Perylene-d10 was used for the rest of the PAHs. Fig. 2.
shows the structure of the 16 priority PAHs. Calibration curves were obtained using a series
of standard solution. All 16 calibration curves were linear with correlation coefficients from
the regression ranging from 0.999 to 1.000.The relative standard deviations were mostly
lesser than 10% as shown in Table 3. Retention time and m/z are shown in Table 4.

Fig. 2. Chemical structure of 16 priority PAHs
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Table 3. Calibration parameters of the PAH compounds

Compound Linear Range
(µg/ml)

Slope
(105)

Intercept
(105)

Regression
coefficient

RSD
(%)

Naphthalene 0.125-0.499 5.521 0.145 1.000 6.310
Acenaphthylene 0.125-0.499 6.283 0.132 1.000 4.930
Acenaphthene 0.125-0.498 7.116 0.175 0.999 5.470
Flourene 0.125-0.498 6.357 0.142 0.999 5.040
Phenanthrene 0.125-0.498 6.926 0.155 0.999 5.100
Anthracene 0.125-0.499 7.123 0.121 1.000 3.870
Flouranthene 0.125-0.498 7.596 0.142 0.999 4.150
Pyrene 0.125-0.499 8.151 0.174 1.000 4.940
Benz[a]anthracene 0.125-0.499 6.722 0.108 1.000 3.930
Chrysene 0.125-0.500 5.701 0.116 1.000 4.470
Benzo[b]flouranthene 0.125-0.499 5.985 0.067 1.000 2.500
Benzo[k]flouranthtene 0.125-0.500 7.203 0.061 1.000 2.790
Benzo[a]pyrene 0.125-0.501 5.610 -0.002 1.000 1.260
Benzo[ghi]perylene 0.125-0.501 2.906 -0.059 1.000 5.620
Dibenz[a.h]anthracene 0.125-0.501 4.005 -0.021 1.000 1.510
Indeno[1,2,3 – cd] pyrene 0.125-0.500 3.251 -0.016 1.000 1.230

Table 4. List of retention time and m/z values for the 16 PAHs

Compound Retention
time (min)

m/z

Naphthalene 9.801 128, 115, 102, 87, 75, 63, 51
Acenaphthylene 16.402 152, 126, 98, 87, 76, 63, 50
Acenaphthene 17.274 154, 126, 102, 87, 77, 63, 50
Flourene 19.612 166, 139, 115, 83, 63, 50
Phenanthrene 23.792 178, 152, 126, 111, 99, 89, 76, 63, 50
Anthracene 24.014 178, 152, 126, 89, 76, 63
Flouranthene 29.606 202, 174, 150, 122, 101, 87, 74, 50
Pyrene 30.351 202, 174, 150, 101, 88, 74, 50
Benz[a]anthracene 34.278 228, 200, 150, 113, 88, 63, 50
Chrysene 34.348 228, 202, 176, 150, 113, 101, 63
Benzo[b]flouranthene 36.955 252, 224, 174, 150, 126, 113, 86
Benzo[k]flouranthtene 37.007 252, 224, 198, 150, 126, 74
Benzo[a]pyrene 37.621 252, 225, 161, 126, 74
Benzo[ghi]perylene 40.191 276, 248, 225, 207, 191, 138, 125, 97, 73
Dibenz[a.h]anthracene 40.262 278, 248, 225, 207, 191, 138, 125, 83, 73, 57
Indeno[1,2,3 – cd] pyrene 40.692 276, 248, 225, 207, 191, 138, 111, 97, 73, 57

2.1.4 Determination of other chemical contaminants

200g of each soil sample was added into distilled deionised water; they were stirred and left
for 24hrs, then stirred thoroughly before filtering first using cotton wool, then with whatman
No.40 filter paper. Filtrates were used for analysis. Nitrate was analyzed using the Bruccine
Colormetric method [19]. Nitrite was determined according to the gresis method of
Montgomery and Dymock [20], while chloride, total hardness, total dissolved solid (TDS) and
electrical conductivity (EC) were determined using their respective standard methods [21].
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3. RESULTS AND DISCUSSIONS

Degradative processes, such as photolysis, hydrolysis, oxidation and biodegradation, are all
involved in the chemical transformation of a compound upon its entry into the environment
[22]. Most pollutants are leached into the environment from their source (sink) following
favourable conditions of decay and deterioration. The PAHs can be generated as products of
incomplete combustion processes such as forest fires [9].They can also be generated from
pyrogenic sources such as waste incineration [11], oxidation (slow burning) processes of
organic and inorganic wastes at refuse dumpsites can also release PAHs into the
environment [23]. We have reported that indiscriminate dumping of refuse along major roads
within residential areas in Awka, Southern Eastern Nigeria, causes aesthetic pollution, emits
repulsive odour due to decomposing waste, leads to flooding by blocking drainage channels,
releases high concentration of heavy-metals into the soil [6], increases heavy-metal burden
of surface and underground water through run-off, infiltration (percolation) and bio-
accumulation of metals in agricultural crops [7]. This present study is on polynuclear
aromatic hydrocarbons (PAHs) (organic) and other inorganic pollutants that have not been
reported in refuse dumpsites of South Eastern Nigeria. A cursory look at the results of our
study (Table 5) contained reasonable high values of the 16 priority PAHs with the following
ranges: siteA (14.20 – 1710.02mg/kg), site B (Nd – 2392.06mg/kg), site C (Nd –
1158.22mg/kg), site D (Nd – 0.92mg/kg) and site E (Nd – 0.84mg/kg). Some PAHs were not
detected in some of the soil samples of study (refuse dumps), but were detected in that of
the control, and in some cases were not detected in both the sample of study and the
control. It was stated by Yun et al [24]  that lower molecular mass PAHs with two to four
rings tend to have low concentration because they are easily degraded while the high
molecular weight PAHs with 5 and 6 rings are more difficult to degrade and therefore more in
concentration. This was also evident in the work of Anyakora et al [25]. But in our study both
the lower and higher molecular weight PAHs were in higher concentrations especially in
sites A, B and C except benzo[ghi]perylene with low concentration in sites A, D and E but
with non-detections in sites B and C. Naphthalene was not detected in sites B and E,
Acenaphthene was not detected in site C, Anthracene was not detected in sites B and E.
Benzo[b]flouranthene was not detected in site D, Benzo[k]flouranthene was not detected in
site E while Indeno[1,2,3-cd]pyrene was not detected in site D. The low concentrations or
non-detection of the 16 priority PAHs in the control samples showed that the PAHs in the
refuse dump sites were actually released by the decomposing wastes. The high
concentration of the PAHs in sites A, B and C despite the presence of microbial degrading
species (Table 6) shows that refuse dump sites are major sources of polynuclear aromatic
hydrocarbon and depicts a measure of resistance to microbial degradation by these higher
molecular weight PAHs. This study would also suggest that PAHs formed by pyrogenic
processes tend to produce higher molecular weight PAHs.

The high levels in sites B and C may be due to absence of Bacillus sp, as both Bacillus and
Pseudomonas sp are very good PAHs degraders [26], by utilizing them as source of carbon
and energy thereby cleaning the environment. The levels of these PAHs in the refuse soil
samples can increase the environmental and public health burden of polynuclear aromatic
hydrocarbons, since they are able to enter the groundwater. A previous study by Anyakora
et al [27] established a link between the level of groundwater PAHs and level in surrounding
sediment. Lower molecular weight PAHs can dissolve in water while higher molecular weight
PAHs occur in water by binding to particulate matters in groundwater. They can both
percolate and drain into the underground and surface water. The results of our study,
especially those of sites A, B and C are higher than those reported recently in water samples
in Nigeria’s Niger Delta [28,18,29,30].
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Table 5. Concentration of 16 PAHs in the soil samples of refuse dump sites in µg/kg

S/No. Type of PAHs Site A Site B Site C Site D Site E
1. Naphthalene 61.01

(0.02)
Nd
(0.01)

122.3
(Nd)

0.01
(0.01)

Nd
(0.01)

2. Acenaphthylene 89.97
(0.05)

39.94
(0.09)

120.20
(0.08)

0.08
(0.09)

0.07
(0.09)

3. Acenaphthene 29.08
(0.02)

19.70
(0.01)

Nd
(0.01)

0.01
(Nd)

0.01
(Nd)

4. Flourene 63.50
(0.03)

11.86
(0.01)

116.27
(0.02)

0.01
(Nd)

0.10
(Nd)

5. Phenanthrene 98.94
(0.01)

98.86
(0.08)

99.57
(0.13)

0.02
(Nd)

0.21
(Nd)

6. Anthracene 124.60
(0.02)

Nd
(Nd)

55.73
(0.01)

0.02
(Nd)

Nd
(Nd)

7. Flouranthene 126.01
(0.10)

149.08
(0.03)

109.58
(0.19)

0.17
(0.01)

0.21
(0.01)

8. Pyrene 313.50
(0.01)

447.59
(0.03)

186.92
(0.21)

0.16
(0.01)

0.20
(0.01)

9. Benz[a]anthracene 534.20
(0.04

1036.09
(0.08)

67.85
(0.13)

0.02
(0.07)

0.35
(0.07)

10. Chrysene 117.31
(0.21)

220.54
(0.03)

14.62
(0.53)

0.92
(0.03)

0.84
(0.03)

11. Benzo[b]flouranthene 60.24
(0.02)

105.82
(0.04)

15.47
(0.85)

Nd
(0.10)

0.22
(0.10)

12. Benzo[k]flouranthtene 307.72
(0.20)

660.53
(0.03)

15.43
(0.14)

0.18
(0.04)

Nd
(0.04)

13. Benzo[a]pyrene 1710.02
(0.11)

2392.06
(0.02)

1158.22
(0.53)

0.75
(0.12)

0.20
(0.12)

14. Benzo[ghi]perylene 14.20
(Nd)

Nd
(Nd)

Nd
(0.16)

0.03
(Nd)

0.02
(Nd)

15. Dibenz[a.h]anthracene 360.24
(Nd)

592.18
(Nd)

132.88
(0.04)

0.03
(Nd)

0.45
(Nd)

16. Indeno[1,2,3 – cd]
pyrene

335.46
(0.01)

376.80
(0.02)

294.63
(0.03)

(Nd
(Nd)

0.11
(Nd)

Nd = not detected, control values in parentheses

Table 6. Bacteria isolates from the dump sites

Bacteria Site A Site B Site C Site D Site E
Staphylococcus aureus Present Present Present Present Present
Pseudomonas sp. Present Present Present Present Present
Streptococcus sp. Present Present Present Present Present
Eschericha coli Present Present Present Present Present
Bacillus sp. Present Absent Absent Present Present
Klebsiella sp. Present Absent Absent Present Present
Proteus sp. Present Present Present Present Present

Nduka et al. 2008
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The PAHs have received considerable attention in recent years because several of them are
known to be potential human carcinogens. Examples include benz[a]anthracene, chrysene,
benzo[b]flouranthene, benzo[a]perylene and benzo[ghi]perylene [13].

The PAHs are known human carcinogens and have been implicated in various cancers
[31,32,33]. They have also been implicated in numerous other toxicological manifestations
such as reproductive toxicity, intra-uterine growth retardation and learning and IQ deficit,
destruction of oocytes and inflammation of kidney cells [34,35]. Toxicology of PAHs in
humans have been carried out in several countries such as Ukraine [36], United States [37],
Czech Republic [38], Denmark [39], United Kingdom [40], Poland [41], Germany [42],
Sweden [43], and several other countries [44,45,46,47].

Heavy-metal levels and infiltration at refuse dump sites have been reported in our previous
work [6,7] as part of inorganic pollutant (Table 7). From the previous study, refuse dumps
are major sources of toxic heavy-metals such as lead, arsenic, cadmium, nickel, chromium
and manganese (Table 7). Other inorganic chemical pollutants such as nitrates, nitrites,
chlorides etc at refuse dumps that have not been reported are presented here alongside
PAHs (Table 8). All the refuse dump sites had reasonably high values of nitrates that may be
detrimental to health. Nitrates are essential plant nutrient but are harmful to animals and
humans. Chronic nitrate toxicity in cow is a form of nitrate poisoning in which clinical signs of
the diseases are not observed, but can cause reduction in the rate of weight gain, lowered
milk production, depressed appetite and a greater susceptibility to infection [48].

Table 7. Metal levels in mg/kg of soil at different dump sites

Depth (m) Pb Mn As Cr Cd Ni
Site A 0.00 350 (83.8) 290 620 (Nd) 4.75 2.00 27.00 (Nd)

1.35 510 280.50 350 4.00 3.00 21.00
Site B 0.00 500 (Nd) 135 30 (Nd) 2.17 2.85 18.95 (Nd)

1.35 350 160 65 2.50 2.38 31.50
Site C 0.00 620 (Nd) 120 102 (Nd) 2.35 2.66 15.00 (Nd)

1.35 613.50 105 Nd 2.43 2.57 18.00
Site D 0.00 401 (3.80) 55.70 31.85 2.63 2.80 64.50 (Nd)

1.35 370 60.55 (Nd) 2.62 1.79 68.35
Site E 0.00 145.30 (Nd) 205 160 (Nd) 3.09 2.14 61.75 (Nd)

1.35 160.30 136.85 65.90 2.43 3.15 46.50
Nd = Not detected, control values are in parentheses, Nduka et al, 2008

The very fact that nitrates have very high water solubility and mobility in the soil suggests
that both surface and underground water can be polluted and hence a route of nitrate entry
into food web. Intake of nitrates from drinking water and dietary sources may cause
increased exposure to N-nitroso compounds through endogenous nitrosation [49]. In their
work, Coss et al. [50], suggested that long-term exposure to nitrates at levels below the
maximum contaminant level of 10mg/L is not associated with pancreatic cancer but
Niagolova et al. [51], established anthropogenic activity and drinking water supplies as two
exposure pathways suggesting that the disease Balkan Endermic Nephropathy (BEN) could
result from surface contamination. The work of Turkdogan et al. [52], revealed that traditional
foods rich in nitrates and nitrites is significant in the development of endemic upper gastro
intestinal (esophageal and gastric) cancers in the Van region of Turkey. We have previously
suggested that industrial effluents and decomposition of organic wastes from refuse dumps
and food stuff markets as major contributors to the nitrate and nitrite levels of potable water
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supply in Warri area of Niger-delta region of Nigeria [16]. Marine invertebrates and fish
exposed to nitrates may be smaller in size, have reduced maturity rate and lower
reproductive success. In extremely high exposure levels, aquatic invertebrates and fish may
die [53]. Our results are all above US EPA maximum contaminant level (US EPA MCL) of
10mg/L and World Health Organisation (WHO) 45mg/L, except site E (Table 8).
Nitrosomonas and Nitrobacter species convert nitrate to nitrite (NO-

2) which inhibit the
function of haemoglobin thereby causing metheglobinemia or blue baby syndrome.

Health problems associated with exposure to nitrates and nitrites which have been reported
in Nigeria include mainly incidences among infants and pregnant mothers of cancers and
lesion [54]), spontaneous abortion and ectopic pregnancy [55], Malignant lymphomas [56,
57] and soft tissues sarcomas [58]. Pregnant women who drink nitrate contaminated water
may be at increased risk of having spontaneous abortion [59] or giving birth to infants with
congenital malformations especially of the central nervous system [60]. We have previously
believed that in addition to natural concentration, sewage, industrial wastes or intrusion of
sea or saline water as only sources of chloride in inland waters, the result of our study shows
that refuse dumps are also a major source of chlorides (Table 8). Small concentrations of
chloride in drinking water is not harmful to humans and with some adaptation the human
body can tolerate water with as much as 200mg/L. High chloride content in process waters
may promote pipe corrosion. Infiltration into underground water or into surface water through
run-off especially in the rainy season may occur in the study area. Our results (Table 8),
shows that refuse dumps can contribute to water hardness evidenced by the presence of
sodium, magnesium and potassium reported in our previous study [6], this is because most
components of the studied dumpsites have been found to contain high levels of these metals
[61]. The same could be said of total dissolved solids (TDS); the primary sources of TDS in
receiving waters are agricultural run-offs, leaching of soil, contamination and point source.

Table 8. Inorganic properties of the soil at refuse dumpsites

Sampling
points

Nitrate
(mg/kg)

Nitrite
(mg/kg)

Chloride
(mg/kg)

Hardness
(mg/kg)

Total
dissolved
solid(mg/kg)

Electrical
conductivity
(µS/cm)

Site A 52.43
(4.44)

11.13
(1.93)

212.67
(26.65)

171.33
(51.67)

358.62
(153.92)

1339.00
(242.66)

Site B 50.30
(8.20)

10.28
(4.25)

144.8
(25.56)

224.00
(82.00)

579.00
(190.00)

1690.00
(403)

Site C 62.45
(4.12)

10.15
(0.24)

66.20
(29.86)

135.00
(63.00)

370.00
(230.00)

1490.00
(485)

Site D 45.20
(1.28)

13.21
(1.04)

129.90
(27.60)

155.00
(10.00)

171.10
(57.70)

1212.00
(173.50)

Site E 38.50
(1.20)

10.35
(0.80)

443.00
(27.20)

350.00
(8.00)

127.00
(47.75)

1080.00
(162.00)

Control values are in parentheses

Pollution and a direct relationship exist between total dissolved solid (TDS) and electrical
conductivities. Previously we have reported that decomposition and accumulation of material
at the dumpsites can modify the soils at the dumpsites as they tend to humus soil (with high
organic matter) and therefore high cation exchange capacity (CEC) (Table 9). By this,
carbon (iv) oxide (CO2), methane (CH4) (under anaerobic condition) and nitrous oxide (N2O)
are generated. These greenhouse gases have profound effect on earth’s atmosphere by
allowing short-wavelength solar radiation in, but trap much of the outgoing long-wavelength
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radiation [62]. This scenario may in part account for urban micro-climate very noticeable in
most Nigerian urban centres. The acidity of the top soil at dumpsites and that of control does
not vary much, because of high exchangeable cation such as sodium, magnesium, calcium
and potassium (Table 9) which are not highly leachable (when leached), they are replaced
by hydrogen ion. The percentage pore space of control sample is more than those of test
samples; this is in conformity with soil type of the study area [2]. It therefore means that the
refuse dump is conferring clayed to loamy properties on the soil and the growth of roots into
moist soil is limited by bulk densities ranging from 1.45mg/m3 in clays to 1.85mg/m3 in loamy
sand, this agrees with Table 9 and literature [62].

Table 9. Properties of surface soil at the dump sites

Cation exchange
capacity (Cmolc/kg)

Particle
density
(mg/m3)

Bulk density
(mg/m3)

pH % pore
space

% organic
matter

Site A 7.66
(3.32)

2.55
(2.65)

1.78
(1.73)

6.61
(6.22)

30.20
(34.72)

2.55
(0.00)

Site B 6.16
(4.04)

2.50
(2.70)

1.88
(1.83)

6.62
(4.45)

24.80
(32.22)

1.72
(0.79)

Site C 5.92
(3.16)

2.60
(2.75)

1.83
(1.73)

6.69
(5.26)

29.62
(37.09)

1.45
(0.00)

Site D 6.56
(4.24)

2.80
(2.55)

1.83
(1.78)

6.68
(6.38)

34.64
(30.20)

2.10
(0.86)

Site E 7.48
(3.04)

2.75
(2.65)

1.68
(1.73)

6.60
(6.65)

38.90
(34.72)

3.07
(0.00)

Control values in parentheses ,Nduka et al, 2008

Although we have stated that the microbial species isolated from the soil at refuse dump
sites and as reported in our previous study (Table 6) [7]. They may be using the PAHs as
source of carbon and energy, hence cleaning the environment, their public health
importance cannot be overlooked. These bacteria have been variously reported in dump site
studies. Escherichia coli and Streptococcus sp have been reported by Ekundayo [63] while
Bacillus sp, Escherichia coli, Pseudomonas sp and Klebsiella sp have been reported by
Cook et al [64] and Pseudomonas sp is widely reported to be associated with waste [65]. All
the bacteria isolated are known as potential pathogens by Cook et al [64]. Because the
dumps are within residential area and Awka has no land fill as is the case with most Nigerian
cities, domestic animals and nocturnal insects can serve as vectors of these pathogens. To
remediate an already contaminated soil, phytoremediation should be encouraged; this
involves planting of flowering plants such as Ixora on the contaminated soil. These plants
utilize their roots to absorb, translocate and concentrate toxic metals from the soil to the
harvestable plant tissues [66]. Polyaromatic hydrocarbons can be remediated by introducing
into the soil and encouraging the growth of certain microbes such as Bacillus sp,
Pseudomonas sp, Klebsiella sp etc which degrade and utilize organic compound as source
of carbon and energy [67]. We conclude that indiscriminate dumping of refuse as it is done in
South Eastern Nigeria and in almost all Nigerian cities is a serious public-health issue. We
therefore recommend proper and scientific method of refuse disposal especially in and
around residential areas.

4. CONCLUSION

We conclude that indiscriminate dumping of refuse within residential areas as it is done in
Awka and in all Nigerian cities can release organic and inorganic chemical contaminants into
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the environment, act as a sink to disease pathogens, block drainage channels, aesthetically
deface the environment and ultimately constitute environmental and public health menace.

COMPETING INTEREST

Authors declare that no competing interest exists.

REFERENCES

1. Rayment RA. Aspects of the Geology of Nigeria University Press. Ibadan, Nigeria’s;
1965.

2. Murat RC. Stratigraphy and Palegeography of the cretaceous and lower tertiary in
southern Nigeria. In: Dessauvagie TFJ, Whiteman. AJ (eds) African Geology. Ibadan,
Nigeria: University of Ibadan Press. 1972;251–266.

3. Osuntokun A(Ed). Dimensions of Environmental Problems in Nigeria. Ibadan Nigeria:
Davidson press; 1997.

4. Pandy GN, Carney GC. Environmental Engineering. HO. New Delhi: Tata McGraw-
Hill; 1989.

5. Kormondy EJ. Concept of Ecology, Englewood Cliffs, NJ: Prentice-Hall; 1978.
6. Nduka JKC,Orisakwe OE, Ezenweke LO, Ahiakam CA, Nwanguma CK, Ugwuona J-

MM . Metal contamination and infiltration into the soil at refuse dump sites in Awka,
Nigeria. Archives of  Environmental  and Occupational Health. 2006;61:197–204.

7. Nduka JKC, Orisakwe OE, Ezenweke LO, Chendo MN, Ezenwa TE. Heavy metal
contamination of foods by refuse dump sites in Awka, South Eastern Nigeria. The
Scientific World JOURNAL. 2008;8:941–948.

8. Mottier P, Parisod RJ, Turesky J. Quantitative determination of polycyclic aromatic
hydrocarbons in barbecued meat sausages by gas chromatography coupled to mass
spectrometry. Journal of Agricultural and Food Chemistry. 2000;48:1160–1166.

9. Grova N, Feidt C, Crepineau C, Laurent C, Lafargue PE, Hachimi A, Ruchen G.
Detection of polyclic aromatic hydrocarbon level in milk collected near potential
contamination sources. Journal Agricultural and Food Chemistry. 2002;50:4640–4642.

10. Lorber M, Cleverly D, Schaum J, Philips L, Schweer G, Leighton M. Development and
validation of an air to beef food chain model for dioxin-like compounds. Journal of
Environmental Sciences and Technology. 1994;156:39–65.

11. Yang HH, Lee WJ, Chem SJ, Lai SO. PAH emission from various industrial stacks.
Journal of Hazardous Materials. 1998;60:159–174.

12. Nieva-Cano MJ, Rubio-Barroso S, Santos-Delgado MJ. Determination of PAH in food
samples by HPLC with flourimetric detection following sonication extraction without
sample clean-up. The Analyst. 2001;126:1326–1331.

13. Guillen MD, Sopelana P, Partearroyo MA. Determination of polycyclic aromatic
hydrocarbons in commercial liquid flavouring of different composition by gas
chromatography-mass spectrometry. Journal of Agricultural and Food Chemistry.
2000;48:126-131.

14. Canadian water quality Giudeline (CWQG, 2008). Assessed 26 March 2008.
Available: http://www.ec.gc.ca/ceqg-rcqe/English/Html/GAAG-Nitrate-WQG.cfm.

15. Bruning-Fan CS, Kaneene JB. The effects of nitrate, nitrite and N-nitroso compounds
on human health: a review. Journal of Veterinary and Human Toxicology.
1993;35:521-538.



Nduka et al.; JSRR, Article no. JSRR.2013.013

186

16. Nduka JKC, Orisakwe OE, Ezenweke LO. Nitrate and nitrite levels of potable water
supply in Warri, Nigeria: A public health concern. Journal of Environmental Health;
2010.

17. U S EPA. Method 3541.Organic extraction and sample preparations; 1994.
18. Anyakora C, Ogbeche A, Palmer P, Coker H, Ukpo G, Ogah C. GC/MS `analysis of

polynuclear aromatic hydrocarbons in sediment samples from the Niger Delta region.
Chemosphere. 2005;60:990–997.

19. Association of Official Analytical Chemists. Official methods of analysis, 13thed.
Washington DC; 1980.

20. Montgomery HAC, Dymock JF. The determination of nitrite in water. Analyst (London).
1961;86:414–416.

21. Bertrain J, Balance R. A practical guide to the design and implement of fresh water
quality studies and monitoring programmes (UNEP& WHO); 1991.

22. Tony GT, Fisk AT, Westmore JB, Muir DCG. Environmental chemistry and Toxicology
of Polychlorinated n-alkanes. Review of Environmental contamination and Toxicology.
1998;158:53–128.

23. Abrajano TA, Yan B, O’Malley V. Higher molecular weight petrogenic and pyrogenic
hydrocarbons in aquatic environment. In: Sherwood Lollar B(Ed). Environmental
geochemistry, treatise on geochemistry, Elsevier Amsterdam. 2003;9:475–509.

24. Yun T, Tianling Z, Xinbong W. PAH contamination and PAH degrading bacteria in
Xiamen western sea. Chemical speciality and Bioavailability. 2003;14:25–34.

25. Anyakora C, Ogbeche A, Palmer P, Coker H. Determination of polynuclear aromatic
hydrocarbons in marine samples of siokolo fishing settlement. Journal of
Chromatography A. 2005;1073:323–330.

26. Margesin R, Schinner F. Biodegradation and bioremediation of hydrocarbons in
extreme environments. Applied Microbiology Biotechnology. 2001;56:650–663.

27. Anyakora C, Coker H. Determination of polynuclear aromatic hydrocarbons (PAHs) in
selected water bodies in Niger Delta. African Journal of Biotechnology.
2006;5(21):2024-2031.

28. Nduka JK, Orisakwe OE. Assessment of pollution profiles of selected surface water in
Bayelsa. Delta and Rivers States of Niger delta region of Nigeria. Lambert Academic
Publishers, Saarbruken Germany; 2011.

29. Olajire AA, Altenburger R, Kuster E, Brack W. Chemical and ecotoxicological
assessment of polycyclic aromatic hydrocarbon-contaminated sediments of the Niger
Delta, Southern Nigeria. Science of the Total Environment. 2005;340(1–3):123–136.

30. Okoro D, Ikolo AO. Compositional pattern and sources of polynuclear Aromatic
hydrocarbons in water and sediment samples of Ogunu Creek of the Warri River,
Proceedings of the 28th Annual International Conference, Maiduguri. Nigeria.
Supplementary to the Journal of Chemical Society of Nigeria. 2005;2(1):168–171,

31. Lopez-Abente G, Sanz-Anquela JM, Gonzalez CA. Consumption of wine stored in
leather wine bottles and incidence of gastric cancer. Archives of Environmental and
Occupational Health. 2001;56:559-561,

32. Sinha R, Kulldorf M, Chow WH, Denobile J, Rothman N. Dietary intake of heterocyclic
amines, meat-derived mutagenic activity, and risk of coloresteral adenomas. Cancer
Epidemiology, Biomarkers and Prevention. 2001;10:559-562.



Nduka et al.; JSRR, Article no. JSRR.2013.013

187

33. Grimmer G, Brune H, Dettbarn G, Naujack KW, Mohr U, Wenzel Hartung R. Urinary
and feacal excretion of chrysene and chrysene metabolites by rats after oral,
intraperitoneal, intratracheal, or intrapulmonary application. Archives of Toxicology.
1988;62(6):401–405.

34. Kawai M. A review of toxicological and occupational aspects of Naphthalene
Aromatics. 1979;31:168-181.

35. Mackenzie KM, Angevine DM. Infertility in Mice Exposed in Utero to Benzo[a]pyrene,
Journal of Reproductive Biology. 1981;24:183–191.

36. Gladen BC, Zadorozhnaja TD, Chislovska N, Hryhorczuk DO, Kennicutt MC, Little RE.
Polycyclic aromatic hydrocarbons in placenta. Human and Experimental Toxicology.
2000;19:597-603.

37. Vassilev ZP, Robson MG, Klotz JB. Associations of polycyclic organic matter in
outdoor air with decreased birth weight: a pilot cross-sectional analysis. Journal of
Toxicology and Environmental Health. 2001;64:595–605.

38. Dejmek J, Solansky I, Benes I, Lenieek J, Sram RJ. In: Sram SJ, (Ed), Teplice
Program: Impact of Air Pollution on Human Health. Academia, Prague. 2001;127–133.

39. Mukherjee S, Rodrigues E,  Weker R, Palmer LJ, Christiani DC. 1-Hydroxypyrene as a
Biomarker of Occupational Exposure to Polycyclic Aromatic Hydrocarbons (PAH) in
Boilermakers. Journal of Occupational and Environmental Medicine.
2002;44(12):1119-1125.

40. Elovaara E, Heikkila PR, Pyy L, Mutanen P, Riihimaki V. Significance of dermal and
respiratory uptake in creosote workers: exposure to polycyclic aromatic hydrocarbons
and urinary excretion of 1-hydroxypyrene. Occupational and  Environmental  Medicine.
1995;52:196–203.

41. Boogaard PJ, Van- Sittern NJ. Exposure to polycyclic aromatic hydrocarbons in
petrochemical industries by measurement of urinary 1-hydroxypyrene. Occupational
and Environmental Medicine. 1994;51:250-258.

42. Van-Larebke M,  Bracke E, Nelen V, Koppen G,  Schoeters G, Van Loon H, Vlietinck
R. Differences in tumor-associated protein levels among middle-age flemish women in
association with area of residence and exposure to pollutants. Environmental Health
Perspective. 2006;114:887.

43. Moen BE, Nilsson R, Nordlinder R, Ovrebo S, Bleie K, Skorve AH, Hollund BE.
Assessment of exposure to polycyclic aromatic hydrocarbons in engine rooms by
measurement of urinary 1- hyroxypyrene. Occupational and Environmental Medicine.
1996;53:692–696.

44. Bouchard M, Pinsonneault L, Tremblay C, Weber JP. Biological monitoring of
environmental exposure to polycyclic aromatic hydrocarbons in subjects living in the
vicinity of a creosote impregnation plant. Archives of Occupational and Environmental
Health. 2001;74(7):505–513.

45. Roth MJ, Qiao L, Rothman N, Tangrea JA, Dawsey SM, Wang Q, Cho H, Kang D,
Taylor PR, Strickland PT. High urine 1-hydroxypyrene glucuronide concentrations in
Linxian, China, an area of high risk for squamous oesophageal cancer, Biomarkers.
2001;6:381–386.

46. Tsai PJ, Shieh HY, Lee WJ, Chen HL, Shih T. Urinary 1-hydroxypyrene as a
biomarker of internal dose of polycyclic aromatic hydrocarbons in carbon black
workers, American Journal of Occupational Hygiene. 2002;46(2):229-235.



Nduka et al.; JSRR, Article no. JSRR.2013.013

188

47. Grainger J, Haung W, Li Z, Edwards S, Walcott C, Smith C, Turner W, Wang R,
Patterson D. Polycyclic aromatic hydrocarbon reference range levels in the US
population by measurement of urinary mono-hydroxy metabolites. Polycyclic Aromatic
Compounds. 2005;25:47–65.

48. Ozmen O, Mor F, Sahinduran S, Unsal A. Pathological and toxicological investigations
of chronic nitrate poisoning in cattle. Toxicology and Environmental Chemistry.
2005;87(1–4):99–106.

49. Mirvish SS. Role of N-nitroso compounds (NOC) and N-nitorsation in etiology of
gastric, esophageal, nasopharyngeal and bladder cancer and contribution to cancer of
known exposures to NOC. Cancer letters. 1995;93:17–48.

50. Cos A, Cantor KP, Reif JS, Lynch CF, Ward HM. Pancreatic cancers and drinking
water and dietary sources of nitrate and nitrite. American Journal of Epidemiology.
2004;159(7):693-701.

51. Niagolova N, McElmurry SP, Voice TC, Long DT, Petropoulos EA, Havezou I, Chou K,
Ganev V. Nitrogen species in drinking water indicate potential exposure pathway for
Balkan Endemic Nephropathy. Environmental Pollution. 2005;134(2):229–237.

52. Turkdogan MK, Testereci H, Akman N, Kahraman T, Kara K, Tuncer I, Uygan I.
Dietary  nitrate and nitrite levels in an endemic upper gastrointestinal (esophageal and
gastric) cancer region in Turkey. Turk ish Journal of Gastroenterology. 2003;14(1):50-
53.

53. Ohio State University Extension. Nitrates in surface water. Department ohorticulture
and crop science, 2021 Coffey Road, Columbus Ohio, 43210–1044. AGF –204 – 95;
2008. Assessed 26 March 2008. Available: http://ohioline.osu.edu/agf-fact/0204.html.

54. Gulis G, Gomolyova M, Cerhan JR. An ecologic study of nitrate in municipal drinking
water and cancer incidence in Trnava District, Slovakia Environmental Reserch.
2002;88:182–187.

55. Gharoro EP, Igbafe AA. Ectopic pregnancy revisited in Benin City, Nigeria. Analysis of
152 Cases. Acta Obstetric and Gynaecology Scandnavia. 2002;81(12):1139–1143.

56. Omoti CE. Socio-demographic factors of adult malignant lymphomas in Benin city.
Nigeria. Niger Postgrad. Med. J. 2006;13(3):256–260.

57. Omoti CE, Halim NK. Adult lymphomas in Edo State, Niger Delta region of Nigeria.
Clinicopathological Profile of 205 Cases.  Clin. Lab Haematol. 2005;27(5):302–306.

58. Seleye-fubara D, Nwosu SO, Yellow BE. Soft tissue sarcomas in the Niger Delta
region of Nigeria (A referral hospitals study). Niger J. Med. 2005;14(2):188–194.

59. MMWR. Spontaneous abortions possibly related to ingestion of nitrate-contaminated
Well water-LaGrange country, Indiana, 1991 – 1994. Morb Mortal Wkly Rep.
1996;45:569–572.

60. Croen LA, Todoroff K, Shaw GM. Maternal exposure to nitrate from drinking water and
diet and risk for neutral tube, defects. AM .J. Epidemiol. 2001;153: 325 – 331.

61. Orisakwe OE, Obi E, Amilo G, Dioka CE, Afonne OJ, Ufearo CS. Sodium and
potassium levels and label review studies of Nigerian Spices. Indian J.Nutr. Diet.
1997;37:146 –150.

62. Brady NC, Weil RR. The nature and properties of soils Prentice-Hall Inc.New York.12th

edition; 1999.
63. Ekundayo JA .Environmental Consequences of the Pollution of the Lagos Lagoon.

Bull. Sci. Assoc. Nigeria. 1977;32 (2):290–299.



Nduka et al.; JSRR, Article no. JSRR.2013.013

189

64. Cook HA, Cromwell DL, Wilson HA. Micro organisms in household refuse and
seapage, Water from sanitary landfills, proceedings of West Virginia Academy of
Sciences. 1964;39:107–114.

65. Sabry SA. Microbial degradation of shrimp shell waste. J. Basic Microbiology.
1992;32(2):107–111.

66. Scheper T. Advances in Biochemical Engineering/Biotechnology (Phytoremediation).
Verlag Berlin Heldeuberg. New York. Vol. 2002;78.

67. Nduka JK, Umeh LN, Okerulu IO, Umedum LN, Okoye HN. Utilization of different
microbe in bioremediation of hydrocarbon contaminated soils stimulated with inorganic
and organic fertilizers. J Pet Environ Biotechnol. 2012;3(2):1-9, doi:10.4172/2157-
7463.1000116.

_________________________________________________________________________
© 2013 Nduka et al.; This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:

http://www.sciencedomain.org/review-history.php?iid=176&id=22&aid=1145


